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© Communication adaptor for game set 

(57) The same clock signal is applied to respective 
bits in a clock output port in synchronization 
with the transmission/reception timing. A buffer 
memory for temporarily storing transmit/receive 
data stores transmit data and receive data in 
synchronization with the clock signal. Data con- 
verting means comprising a CPU and a ROM 
format-converts bit serial data received from 
each of game sets into bit parallel data or 
format-converts bit parallel data to be transmit- 
ted into bit serial data Receive data writing 
means writes the data format-converted by the 
format converting means into transmit/receive 
data temporarily storing means in synchroni- 
zation with the clock signal. Transmit data sup- 
plying means supplies the transmit data stored 
in the transmit/receive data temporarily storing 
means to each of bits in a data output port after 
being format-converted into bit corresponding 
data by the format converting means in 
synchronization with the clock signal. 

Since data can be reliably transmitted in a 
simple circuit without using high-cost modems 
and the number of game sets to be connected 
can be increased, therefore, the present inven- 
tion is applicable to a variety of games.21 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to a com- 
munication adaptor for a game set, and more particu- 
larly, to a communication adaptor for a game set used 
for transmitting and receiving data related to a game 
in the case of, for example, doing battle (simultaneous - 
play) with a plurality of game sets being connected 
thereto. 

Description of the Prior Art 

In the case of data communication using personal 
computers, communication has been conventionally 
established through a long-distance transmission line 
and exchange. Accordingly, a transmission error is 
liable to occur. Consequently, high-cost modems for 
transmitting and receiving data and controlling the 
error in accordance with the transmission control pro- 
cedure have been used. 

On the other hand, the applicant of the present 
application has proposed as a technique for playing a 
battle game between two game sets by transmitting 
and receiving data related to a game in a simple 
method one for playing a battle game with two port- 
able dot matrix liquid crystal game sets (trade name 
"GAME BOY 9 ) being connected to each other. 

In the technique for establishing data communi- 
cation using modems, data can be transmitted accu- 
rately but at high cost Accordingly, it is not suitable 
for transmission of data on a battle game in a game 
set requesting cost reduction. In addition, if an attempt 
is made to reduce the transmission error using error 
control or the like, it takes long to perform processing 
therefor. Consequently, time required to perform 
game processing is restricted, to spoil the fun of the 
battle game. Furthermore, one modem is connected 
to each of the personal computers, and the modem 
and the personal computer establish one-to-one com- 
munication. Accordingly, it is impossible for a plurality 
of persons not less than three to play the battle game. 

On the other hand, in the above described tech- 
nique for playing a battle game with two portable dot 
matrix liquid crystal game sets being connected to 
each other, data can be transmitted at low cost When 
during the game in one of the game sets, data is sent 
from the other game set and then, the next data is sent 
before the next vertical blanking period, however, the 
previous data disappears, so that data transmission 
may not in some cases, be accurately made. The 
reason for this is that the two game sets differ in the 
progress of the game as well as the timing when ver- 
tical blanking occurs. Furthermore, in this technique, 
the battle game can be only enjoyed between two 
game sets. Accordingly, such a game as to progress 
while being played by not less than three persons (for 



example, mah-jong or a card) cannot be achieved. 

SUMMARY OF THE INVENTION 

Therefore, a primary object of the present inven- 
tion is to provide a new low-cost communication adap- 
tor for a game set of simple construction which is so 
adapted that a plurality of players can enjoy a battle 
game while being related to one another. 



10 Briefly stated, the present invention provides a 

communication adaptor for a game set (which corres- 
ponds to 10 in the embodiment), which is used with a 
plurality of game sets for playing a game while being 
related to the game state of the other game sets being 

is thereto, for transmitting and receiving data related to 
the game between a plurality of game sets. Each of 
the game sets 20a to 20d is provided with a first serial 
interface 26 for inputting and outputting data on the 
game and a buffer memory 263 for temporarily storing 

20 transmit/receive data, and the game sets are relev- 
antly connected to one another. 

The communication adaptor 10 for a game set 
comprises a housing 11, a plurality of second con- 
necting tools 13a to 13d, a data input port 181, a data 

25 output port 182, a clock output port 183, clock signal 
generating means 14 and 17, format converting 
means 14 and 15, receive data writing means 14 and 
15, and transmit data supplying means 14 and 15. 
Each of the second connecting tools is provided 

30 for the housing and includes at least a first terminal, 
a second terminal and a third terminal, the second 
connecting tool being connected to the first serial 
interface in each of the game sets. The data input port 
has storing portions of bits whose number corres- 

35 ponds to the number of a plurality of connectors so as 
to store serial data inputted from the connectors, the 
storing portions corresponding to the bits being re- 
spectively connected to the first terminals included in 
the second connecting tools. The data output port has 

40 storing portions of bits whose number corresponds to 
the number of the plurality of second connecting tools, 
the storing portions corresponding to the bits being re- 
spectively connected to the second terminals 
included in the second connecting tools. The clock 

45 output port has storing portions of bits whose number 
corresponds to the number of a plurality of connectors 
such that it can generate clocks required for the con- 
nectors to input and output a signal, the storing por- 
tions corresponding to the bits being respectively 

so connected to the third terminals included in the sec- 
ond connecting tools. 

The clock signal generating means applies the 
same clock signal used for data communication with 
the game sets to each of the bits in the clock output 

55 port in synchronization with the transmission/recep- 
tion timing. The transmit data temporarily storing and 
receive data temporarily storing means stores trans- 
mit data on the game to be transmitted to each of the 



2 



3 



EP 0485 227 A2 



4 



relationship between each of RAM areas storing 
transmit/receive data and the flow of data in the 
state where data communication is established; 
Figs. 7A to 7F are flow charts for explaining oper- 
s ations of the communication adaptor, where Fig. 

7A shows a case where power is turned on (at the 
start time). Fig. 7B shows a case at the time of a 
timer interruption, Fig. 7C shows a case at the 

time.of. a connection information mode.-Fig.-7D- 

10 shows a case at the time of a start mode, Fig. 7E 
shows a case at the time of a data communication 
mode, and Fig. 7F shows a case at the time of a 
reset mode; 

Figs. 8A to 8B are flow charts related to a com- 
15 municating operation on the side of the game set, 
where Fig. 8A shows a case of a main program, 
and Fig. 8B shows a case at the time of an SIO 
interruption; and 

Figs. 9A to 12B are illustrations of a data format 
20 for each operation mode, where Figs. 9A to 9C 

show a case in a connection information mode, 
Figs. 10A and 10B show a case in a start mode, 
Figs. 1 1 A to 1 1 B show a case in a data communi- 
cation mode, and Figs. 12A and 12B show a case 
25 in a reset mode. 



game sets and receive data on the game received 
from each of the game sets in synchronization with the 
clock signal. The format covering means format-con- 
verts the serially arranged receive data received from 
each of the game sets into bit parallel data or format- 
converts the bit parallel data to be transmitted into 
serial data. The receive data writing means writes into 
the transmit/receive data temporarily storing means 
bit corresponding data put_of data in the data input 
port which are received from each of the game sets 
after being format-converted by the format converting 
means in synchronization with the clock signal. The 
transmit data supplying means reads out the transmit 
data stored in the transmit/receive data temporarily 
storing means to supply the same to each of the bits 
in the data output port after being format-converted 
into bit corresponding data by the format converting 
means so as to transmit the transmit data stored in the 
transmit/receive data temporarily storing means to 
each of the game sets in synchronization with the 
clock signal. That is, the transmit data supplying 
means outputs the transmit data by performing the 
work reverse to that performed by the receive data 
writing means 

According to the present invention, data related to 
a battle game can be reliably transmitted between a 
communication adaptor and a plurality of game sets 
in a simple circuit without using high-cost modems, 
and the number of game sets which can be connected 
to the communication adaptor can be increased. 30 
Accordingly, it is possible to diversify the type of the 
battle game to which the present invention is applied. 

The foregoing and other objects, features, 
aspects and advantages of the present invention will 
become more apparent from the following detailed as 
description of the present invention when taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

Fig. 1 is a diagram showing the appearance of a 
communication adaptor for a game set according 
to one embodiment of the present invention; 
Fig. 2 is an illustration of a state where the com- 
munication adaptor is used; 45 
Fig. 3 is a block diagram showing one embodi- 
ment of the communication adaptor; 
Fig. 4 is a diagram showing a map of a RAM 
(transmit/receive data temporarily storing means) 
included in the communication adaptor; so 
Fig. 5 is a block diagram showing one example of 
a game set connected to the communication 
adaptor; 

Figs. 6A and 6B are diagrams illustrating a state 
where data communication is established be- 55 
tween the communication adaptor and the game 
sets, where Fig. 6A shows operation modes of the 
communication adaptor, and Fig. 6B shows the 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Fig. 1 is a diagram showing the appearance of a 
communication adaptor for a game set (hereinafter 
referred to as "communication adaptor") according to 
one embodiment of the present invention. In Fig. 1, a 
communication adaptor 1 0 comprises a housing 1 1 in 
the shape of a polygon having not less than three 
sides (for example, a rectangle or a square in the 
drawings). A code with a plug 12 for connecting the 
communication adaptor 10 to a certain game set 20a 
serving as a child set (which may, in some cases, be 
illustrated as "DMG" because the game set uses a dot 
matrix liquid crystal display) is pulled out of the side 
surface of the housing 1 1 through a connecting termi- 
nal 13a. 

Connectors 13b to 13d for connecting the communi- 
cation adaptor 1 0 to a plurality of other game sets 20b 
to 20d by a code 12' are mounted ori the other side 
surfaces of the housing 11. Each of the connecting 
terminal 13a and the connectors 13b to 13d includes, 
for example, first and second terminals for serially 
transmitting transmit/receive data on one bit basis 
and a third terminal for transmitting a clock signal, and 
includes two terminals, that is, a plus terminal of the 
power supply and a minus terminal thereof such that 
it is supplied with power from any one of the game sets 
as required. 

When a plurality of players enjoy a battle game, 
connection is made as shown in Fig. 2, and data 
required for the battle game in the game sets 20a to 
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20d is transmitted to the game sets through the com- 
munication adaptor 10. Consequently, the communi- 
cation adaptor 10 has a data transmitting and 
receiving function. 

Although in Fig. 2, four game sets (child sets) are s 
connected to the communication adaptor 10 as- 
suming a case where a maximum of four persons sim- 
ultaneously play the battle game, the connector 13d 

is not required if the communication adaptor isfora 

maximum of three persons. In addition, if five or more 10 
persons play the battle game, connectors whose 
number corresponds to the number of game sets to be 
connected are added. In this case, used as the hous- 
ing 1 1 may be one in a pentagonal shape or one in an 
oblong shape having one side provided with a plurality 15 
of connectors. Furthermore, the code with a plug 12 
for the first game set 20a may be connected for the 
other game sets 20b to 20d in place of the connectors. 
Additionally, since in this example, the communi- 
cation adaptor 10 has no power by itself, a code with 20 
a plug through the connecting terminal 13a for supply- 
ing power to the communication adaptor 1 0 is connec- 
ted to one game set 20a to be a center. If power is 
supplied to the communication adaptor 10 by itself, 
however, a connector may be provided in place of the 25 
connecting terminal 13a and the communication 
adaptor 10 may be connected to the game set 20a 
using a code 12'. 

Fig. 3 is a block diagram showing one embodi- 
ment of the communication adaptor. The communi- 30 
cation adaptor 10 comprises a microprocessor 
(hereinafter referred to as "CPU") 14. A read-only 
memory (hereinafter referred to as "ROM") 15 and a 
random access memory (hereinafter referred to as 
"RAM") 16 are connected to the CPU 14 through a 35 
data bus and an address bus. The ROM 15 stores pro- 
gram data for achieving operations of flow charts 
shown in Figs. 7A to 7F as described later. 

The RAM 16 is used as an input/output buffer or 
a transmission/reception buffer for temporarily storing 40 
input/output data. More specifically, the RAM 1 6 com- 
prises a transmission buffer region 161, a reception 
buffer region 162, a register region 153, and a flag 
region 164, as shown in Fig. 4. The transmission buf- 
fer region 161 stores respective 1-byte data on the 45 
game in the game sets 20a to 20d by four bytes (four 
bytes to be transmitted during a period of eight clocks 
from terminals corresponding to respective bits in an 
output port 182) for each game set and has a storage 
capacity of at least 4x4 = 16 bytes. Similarly, the so 
reception buffer region 162 stores respective 1-byte 
data on the game in the game sets 20a to 20d by four 
bytes (four bytes received during a period of eight 
clocks to terminals corresponding to respective bits in 
an input port 181) for each game set and has a stor- 55 
age capacity of at least 4x4 = 16 bytes. The register 
region 163 comprises, for example, a register 1 63s for 
temporarily storing communication cycle data (S), a 



register 163t for temporarily storing data (T) for con- 
trolling one byte and one-byte intervals, and a register 
163n for temporarily storing the number of data (n). 
The flag region 164 comprises a timer interruption 
flag, a mode flag and the like. 

Furthermore, a clock oscillator 17, the input port 
181, the output port 182, and a clock output port 183 
are connected to the CPU 14. The clock oscillator 17 
generates^ _jeference clock. signal -having a-fre- 
quency correlated with a machine cycle of the CPU 14 
to apply the same to the CPU 14. The CPU 14 oper- 
ates in a cycle based on the reference clock signal, 
and generates one pulse of a clock signal for 
synchronization of the transmission/reception timing 
to apply the same to the connecting terminal 13a and 
the connectors 13b to 13d corresponding to the game 
sets 20a to 20d every time it outputs 1-bit transmit 
data or receives receive data. Consequently, the 
clock oscillator 17 and the CPU 14 constitute clock 
signal generating means. 

The input port 1 81 has storing portions of four bits 
respectively corresponding to the game sets 20a to 
20d (for example, D-type flip-flops), and temporarily 
stores in the storing portions data transmitted serially 
by bit from the game sets 20a to 20d through the res- 
pective first terminals (not shown) of the connecting 
terminal 1 3a and the connectors 1 3b to 1 3d. Similarly, 
the output port 182 has storing portions of four bits, 
temporarily stores in the storing portions data to be 
transmitted serially by bit to the game sets 20a to 20d, 
and transmits the data to the game sets 20a to 20d 
serially by bit through the respective second terminals 
(not shown) of the connecting terminal 13a and the 
connectors 13b to 13d. The clock output port 183 has 
storing portions of four bits, and alternately stores in 
the storing portions logic "1" and logic "0" in 
synchronization with the transmission/reception cycle 
of 1-bit data to supply a clock signal synchronized with 
the transmission/reception timing to the game sets 
20a to 20d through the respective third terminals (not 
shown) of the connecting terminal 13a and the con- 
nectors 13b to 13d. 

Furthermore, a timer 19 constituted by a 
hardware circuit (hereinafter referred to as "hardware 
timer") 19 capable of presetting its set time for deter- 
mining a communication cycle. The CPU 14 also has 
a software timer function so as to know one-byte inter- 
vals (time T) in a software manner by program proces- 
sing. 

Fig. 5 is a block diagram showing each of the 
game sets connected to the communication adaptor. 
Each of the game sets 20a to 20d comprises a liquid 
crystal display (LCD) 21, a display driving circuit 22, 
a display control circuit 23, an operation portion 24, a 
connector 25, and a communication control circuit 26. 
An external memory cartridge 30 storing various pro- 
gram data for game control, display control and com- 
munication control is detachably connected to the 
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connector 25 in each of the game sets 20a to 20d. 

The liquid crystal display 21 is of, for example, a 
dot matrix type and is driven by a segment driver 221 
and a common driver 222 included in the display driv- 
ing circuit 22. The display control circuit 23 comprises 5 
a CPU core 231, an input/output port 232, a direct 
memory access (DMA) controller 233, a line buffer 
234, an LCD controller 235, an LCD drive signal buffer 
236, a display RAM 237, and an RAM interface^38. 
The details of the circuits are d^cribedTn Japanese 10 
Patent Publication No. 4453/1989 (Japanese Patent 
Laid-Open Gazette No. 210562/1990) related to the 
application of the present applicant and hence, are 
omitted. 

The communication control circuit 26 comprises 15 
a shift register 261, an interrupt condition detecting 
circuit 262, and a transmission and reception buffer 
RAM 263. The shift register 261 performs a shifting 
operation by a clock signal (SCK) from the communi- 
cation adaptor 1 0, and serves to load 1-byte transmit- 20 
/receive data in parallel and convert the 
transmit/receive data into bit serial data to output the 
same under the control of the CPU core 231 or to con- 
vert the inputted serial data into parallel data whfle 
shifting the serial data to apply the same to the CPU 25 
core 231 . The interrupt condition detecting circuit 262 
generates an interrupt signal every time eight clock 
signals (SCK) are applied (that is, 1-byte data is trans- 
mitted and received), to apply the same to the CPU 
core 231 . The transmission/reception buffer RAM 263 30 
comprises a reception buffer region and a transmis- 
sion buffer region. The reception buffer region and the 
transmission buffer region respectively comprise 
bytes whose number corresponds to the number of 
the game sets connected to the communication adap- 35 
tor 10 (for example, four bytes). In addition, a connec- 
tor 27 is provided in relation to the communication 
control circuit 26, and terminals of the connector 27 
are respectively connected to the most significant bit, 
the least significant bit, and a clock signal (SCK) line AO 
of the shift register 261 . 

Figs. 6A and 6B are diagrams illustrating the prin- 
ciple of a state where data communication is 
established between the communication adaptor and 
the game sets, where Fig. 6A shows operation modes 45 
of the communication adaptor, and Fig. 6B shows the 
relationship between each of RAM areas for storing 
transmit/receive data and the flow of data in the state 
where data communication is established. 

Each of the game sets only receives data on one so 
game sent by making transmission once. Accordingly, 
communication must be repeated four times so as to 
exchange data of one byte on each of the four game 
sets between the game sets. Each of the game sets 
transmits data of one byte, while receiving data of four 55 
bytes. Transmission and reception are simul- 
taneously made. Accordingly, each of the respective 
game sets transmits necessary data of one byte and 



dummy data (in which eight bits are all zero) of three 
bytes, to obtain data on the four game sets. 

In Fig. 6B, parts corresponding to the first byte, 
the second byte, the third byte, and the fourth byte in 
the flow of the transmit/receive data are respectively 
indicated by a thick line, a thin line, a dotted line, and 
a one-dot and dash line. 

The operation modes will be schematically d es- 
cribe dwithreference tqfig._6A. VVhen power is turned _ 
on, that is, the code with a plug 12 is connected to the 
connector 27 in the game set 20a, the CPU 14 in the 
communication adaptor 10 executes a connection 
information mode (which wQI be described in detail 
with reference to Fig. 7C and Figs. 9A to 9C as des- 
cribed later) so as to confirm the connecting state. 
When any one of the game sets 20a to 20d is connec- 
ted to the communication adaptor 10 and the game is 
started, the CPU 14 executes a start mode (which will 
be described in detail with reference to Fig. 7D and 
Figs. 10A and 1 0B as described later). During a period 
of the game, the CPU 14 executes a data communi- 
cation mode (which will be described in detail with 
reference to Fig. 7E and Figs. 11A and 11 B as des- 
cribed later). In addition, when it is desired to reset the 
game set during the game, for example, when it is 
desired to play the game again from the beginning 
without turning off power, the CPU 14 executes a 
reset mode (which will be described in detail with 
reference to Fig. 7F and Figs. 12A and 12B as des- 
cribed later). 

Referring to Fig. 6B, transmit data representing 
the game state required for the battle game is stored 
in the first byte in an area corresponding to each of the 
game sets 20a to 20d in the RAM 263 (transmission 
buffer region) 263. 

Transmit data of one byte for each of the game 
sets 20a to 20d is bit serial data arranged in the order 
from B0 to B7, and corresponding bit data for the 
game sets 20a to 20d are respectively transmitted 
through the first terminals of the connecting terminal 
13a and the connectors 13b to 13d in parallel by four 
bits. This operation is performed eight times, thereby 
to transmit 1-byte data. This data is read by the CPU 
14, and is format-converted into data of one byte com- 
prising eight bits on the basis of programs of the CPU 
14 and the ROM 1 5, to be written into a corresponding 
area in the reception buffer region 161 . 

This operation is repeated until transmit data of 
four bytes are transmitted. 

However, data in the second to fourth bytes are 
dummy data in which eight bits are all zero, for 
example, when data in communication established 
once is only one byte. The foregoing is one cycle of 
communication. 

Such a series of operations wDI be described in 
more detail. First, transmit data of only one byte are 
respectively sent from the game sets 20a to 20d to the 
first terminals of the connecting terminal 13a and the 
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connectors 13b to 13d. Each of the transmit data is 
transmitted one bit at a time from its least significant 
bit. Since four game sets are connected to a com- 
munication adaptor in the present embodiment trans- 
mit data of a total of four bits are inputted. The transmit s 
data of four bits are inputted once through the first ter- 
minals of the terminal 13a and the connectors 13b to 
13d in storing portions directly connected to the con- 
necting terminal and the connectors. That is, only the 
respective least significant bits of data on the four w 
game sets are inputted as a collection of four bits in 
the storing portions. Thereafter, the respective one 
bits are format-converted into parallel data, and are 
further stored again in the receive data temporarily 
storing means. When this work is terminated, the res- 15 
pective second least significant bits are transmitted 
from the game sets in the same manner as the previ- 
ous process. The bits are inputted as a collection of 
four bits, and the respective one bits are format-con- 
verted into parallel data and then, are stored again in 20 
the receive data temporarily storing means in the 
same manner as the previous process. This process 
is repeated eight times, to constitute one cycle of com- 
munication. As a result, 8-bit (1-byte) data is transmit- 
ted from each of the game sets, and 1 -byte data sent 25 
from each of the game sets is stored as parallel data 
in the receive data temporarily storing means. 

On the other hand, when the CPU 14 receives 
data received in reception made once, the receive 
data in the reception buffer region 162 are transmitted 30 
or written into respective addresses in areas for the 
game sets 20a to 20d in the transmission buffer region 
161. At this time, data representing the state of the 
battle game of the four game sets 20a to 20d is 
required in each of the game sets. Accordingly, in 35 
order to transmit the received data on the four game 
sets to the four game sets by the transmission of the 
4-byte data, the CPU 14 respectively writes data for 
20a, data for 20b, data for 20c, and data for 20d into 
the first byte, the second byte, the third byte and the 40 
fourth byte in areas corresponding to the game sets 
20a to 20d in the transmission buffer region 161. 
Since the same data must be transmitted to the four 
game sets, the same data are respectively stored into 
the areas corresponding to the game sets 20a to 20d 45 
in the transmission buffer region 161. 

Thereafter, data in each of the first to fourth bytes 
in an area corresponding to each of the game sets in 
the transmission buffer region 161 is transmitted to 
each of the game sets 20a to 20d serially (that is, in so 
the order of B0, B1, B7, ... in the first byte for the 
game sets 20a to 20d, and B0, B1, ...B7, ... in the 
fourth byte for the game sets 20a to 20d) in the order 
from the first to the fourth bytes. The data thus 
received is stored in the reception buffer region 162 55 
in the transmission/reception buffer RAM 263 on the 
side of each of the game sets 20a to 20d. 

Figs. 7A to 7F are flow charts for explaining oper- 



ations of the communication adaptor, where Fig. 7A 
shows a case where power is turned on, Fig. 7B 
shows a case at the time of a timer interruption, Fig. 
7C shows a case at the time of a connection infor- 
mation mode, Fig. 7D shows a case at the time of a 
start mode, Fig. 7D shows a case at the time of a data 
communication mode, and Fig. 7F shows a case at 
the time of a reset mode. 

Figs. 8A to 8B are flow charts for explaining the 

communicating operation of the game set, where Fig. 
8A shows a case of a main program, and Fig. 8B 
shows a case at the time of an SIO interruption. 

Figs. 9A to 12B are illustrations of a data format 
for each mode, where Figs. 9A to 9C show a case in 
a connection information mode, Figs. 10A and 10B 
show a case in a start mode, Figs. 11A to 11B show 
a case in a data communication mode, and Figs. 12A 
and 12B show a case in a reset mode. 

Description is now made of operations performed 
when data communication is established between the 
communication adaptor and the game sets for each 
mode. 

(1) Power on processing and timer interruption 
processing 

When the plug of the code 12 is inserted into the 
game set 20a so that a power switch (not shown) of 
the game set 20a is turned on, power is supplied to the 
communication adaptor 10. Correspondingly, the 
CPU 14 starts an operation performed when power is 
turned on as shown in Fig. 7A. That is, in the step 
(abbreviated as "S" in the drawings) 1, a communi- 
cation cycle (S) time is set in the hardware timer 19. 
In the subsequent step 2, a timer interruption flag is 
set In the step 3, zero is set in a mode flag. In the step 
4, the CPU 14 waits until a timer interruption occurs. 

(2) Connection information mode 

If a timer interruption occurs while the CPU 14 
waits in the step 4, the program proceeds to timer 
interruption processing shown in Fig. 7B. That is, it is 
judged in the step 5 whether or not the mode flag is 
zero. Since the mode flag is zero immediately after 
power is turned on, a connection information mode is 
executed in the step 10 (see Fig. 7C). The processing 
in this connection information mode is performed for 
the purpose of transmitting and receiving data be- 
tween only the game sets requiring transmission and 
reception by knowing which of the connecting termi- 
nal 13a and the connectors 13b to 13d is connected 
to each of the game sets 20a to 20d. 

More specifically, in the step 1 1 , connection infor- 
mation data to be transmitted to each of the game sets 
20a to 20d as shown in Fig. 9A is set in the transmis- 
sion (output) buffer region 161. A combination which 
corresponds to three bits of data for knowing which of 
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the connecting terminal 13a and the connectors 20b 
to 20d is connected to each of the game sets 20a to 
20d and data for knowing which of the connecting ter- 
minal and the connectors is connected to the game 
set at the present time is added behind a head end s 
code (a code indicating the head end of data; FE in 
hexadecimal notation: which is marked with a sign $ 
in front of data in hexadecimal notation in the draw- 

ings) (the same data is sent three times). In this 1 -byte 

data, high order digits in hexadecimal notation, that is, 10 
high order four bits D4 to D7 correspond to the game 
sets 20a to 20d, and each of the game sets is connec- 
ted to the communication adaptor 1 0 when each of the 
bits is "1" whfle not being connected to the communi- 
cation adaptor 10 when it is "0". Low order digits in 15 
hexadecimal notation, that is, low order four bits 
designate the game sets 20a to 20d using binary num- 
bers. 

In the step 12, connection information data (see 
Fig. 9c) set to four bytes in the area corresponding to 20 
the game set 20a in the transmission buffer region 
161 is first format-converted, to be applied to the con- 
nector 27 in each of the game sets through the output 
port 182 and the connecting terminal 13a serially by 
bit. At this time, the CPU 14 generates one clock sig- 25 
nal (SCK) for synchronization of the transmis- 
sion/reception timing every time it transmits 1-bit data, 
to apply the same to each of the storing portions in the 
clock output port 1 83. Correspondingly, the clock sig- 
nal is applied to the connector 27 in the game set 20a 30 
through the connecting terminal 13a. Consequently, 
data in the shift register 261 in the game set 20a is 
shifted one bit, and the intenupt condition detecting 
circuit 262 is counted up by one. When this operation 
is performed eight times (by one byte), the interrupt 35 
condition detecting circuit 262 generates an intemjpt 
signal in response to the detection of eight clocks, to 
apply the same to the CPU core 231. Correspond- 
ingly, the game set connected performs processing 
shown in Fig. 8B. The details thereof will be described 40 
later. 

In the above described manner, when the trans- 
mission of the 4-byte connection information data to 
be transmitted to the game set 20a is terminated, con- 
nection information data are sequentially transmitted 45 
to the other game sets 20b to 20d in the same manner 
and then, the program proceeds to the next step 13. 

In the step 13, each of the game sets 20a to 20d 
transmits to the communication adaptor 10 4-byte 
data comprising a connection recognition code ($88) 50 
of two bytes, a connect time code (a code designating 
time T at one-byte intervals for communication and a 
communication cycle (time required to terminate com- 
munication once) S, a code designating the number 
of bytes of data to be transmitted by each of the game 55 
sets in communication established once (any one of 
1 to 4 which is the same in all the game sets) so as to 
inform that one's own is connected in response to the 



reception of the connection information data (see Fig. 
9B). When the input port 181 receives the data, the 
CPU 14 format-converts the receive data and writes 
the same into the area corresponding to the game set 
20a in the reception buffer region 1 62, thereby to store 
the receive data in the step 14. 

It is judged in the subsequent step 15 whether or 
not the transition to the start mode is to be made; 
-otherwise communication cycle data (S) and com-— 
munication time data (T) are set in the register region 
163 in the step 16 and then, the program is returned 
to the normal operation step (the step 4). 

If there is a start request code (for example, $AA; 
see Fig. 10A) after a timer interruption operation is 
repeated several times, it is judged in the above des- 
cribed step 15 that the transition to the start mode is 
to be made, so that 1 is set in the mode flag in the sub- 
sequent step 17. 

(3) Start mode 

When a timer interruption occurs while the CPU 
14 waits in the above described step 4, it is judged in 
the step 5 that the mode flag is not zero, so that the 
program proceeds to the step 6. It is judged in the step 
6 that the mode flag is 1 , so that the program proceeds 
to a subroutine (the step 20) in the start mode. 

In the start mode, the communication cycle data 
S is set in the hardware timer 19 as a constant of the 
hardware timer in the step 21, as shown in Fig. 7D. In 
the subsequent step 22, the communication time data 
T is set as a constant of a software timer. In addition, 
the constant S of the hardware timer 1 9 and the con- 
stant T of the software timer are selected to be S > T 
• n when n is taken as the number of times of com- 
munication (where n is any one of 4, 8, 12 and 16). 
The reason for this is that a communication cycle time 
(time elapsed until communication is terminated n 
times) is managed by the constant (S) of the hardware 
timer, and time required to establish communication 
once is managed by the constant (T) of the software 
timer. More specifically, assuming that the time (T) 
required to establish communication once is 1 ms, n 
is any one of 4, 8, 12 and 16. Accordingly, the value 
of S is necessarily not less tha n 4, 8 f 1 2 or 1 6 with res- 
pect to n. Unless the value is thus set, the communi- 
cation cycle is terminated before communication is 
terminated a required number of times, so that the 
game sets judge that communication is terminated 
before the communication is entirely terminated, 
resulting in asynchronization between the game sets 
and the communication adaptor. 

In the step 25, data on the number of times of 
communication (n) is set in the register. In the subse- 
quent step 26, 2 is set in the mode flag, to specify the 
execution of the data communication mode. In the 
step 27, start codes (for example, $CC codes of four 
bytes) shown in Fig. 10B are transmitted. Thereafter, 
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the program is returned to the step 4. 



(5) Reset mode 



(4) Data communication mode 

If a timer interruption occurs while the CPU 14 5 
waits in the above described step 4, it is judged in the 
step 5 that the mode flag is not zero, and it is judged 
in the step 6 that the mode flag is not 1, so that the 

program proceeds to the step 7. It is judged in the step 

7 that the mode flag is 2, so that the program proceeds 10 
to a subroutine in the data communication mode (the 
step 30). 

In the data communication mode, transmit data 
(see Fig. 11B) related to the battle game in the trans- 
mission buffer region -161 is transmitted and at the 15 
same time, a clock signal is outputted every time 1-bit 
data is transmitted in the step 31 , as shown in Fig. 7E, 
in the same manner as that in the above described 
step 12 in the connection information mode. In this 
data communication, the order of transmission is 20 
changed as shown in Fig. 11 B depending on which of 
one to four bytes the length of data to be transmitted 
in transmission made once is. 

In the next step 32, each of the game sets 20a to 
20d transmits data shown in Fig. 1 1 A to the communi- 25 
cation adaptor 10 in response to the reception of the 
data related to the game. In this case, each of the 
game sets adds dummy data having no meaning 
behind the data related to the game to adapt the num- 
ber of bytes of the transmit data to a predetermined 30 
type. However, the type differs depending on which of 
one to four bytes the length of the data is. In response 
thereto, the CPU 14 in the communication adaptor 10 
receives the transmit data from the game set 

In the step 33, the CPU 14 converts the receive 35 
data into a format writable into the RAM 16 and then, 
stores the same in the reception buffer region 162. 
The storing manner in the case is as shown in Fig. 6B. 

It is judged in the subsequent step 34 whether or 
not the transition to the reset mode is to be made; 40 
otherwise the data in the reception buffer region 162 
is inversely format-converted to be written into the 
transmission buffer region 161 in the step 35 and 
then, the program is returned. The data written into 
the transmission buffer region 161 is transmitted to 45 
each of the game sets in the next timer interruption • 
timing in repeating the above described step 31 again. 

On the other hand, when a player using any one 
of the game sets operates a reset switch (not shown) 
so that a reset request code (for example, $FF; see 50 
Fig. 12A) is transmitted, it is judged in the above des- 
cribed step 34 that the reset request code is transmit- 
ted, so that the program proceeds to the step 36. In 
the step 36, 3 is set in the mode flag and then, the pro- 
gram is returned. 55 



If a timer interruption occurs again while the CPU 
14 waits in the above described step 4, the program 
proceeds to timer interruption processing. At this time, 
when it is judged in the step 7 that the mode flag is not 
2 after the steps 5 and 6, the program proceeds to the 
reset mode in the step 40. 

In the reset mode, the CPU 14 transmits a reset- 
code ($FF) as shown in Fig. 12B to each of the game 
sets 20a to 20d in the step 41 (see Fig. 7F). Subse- 
quently, zero is set in the mode flag in the step 42 and 
then, the program is returned. Consequently, when a 
reset request occurs, the program is resumed from 
the above described connection information mode in 
the timer interruption processing. 

(6) Operation on the side of game sets 

Although the operation of each of the game sets 
20a to 20d was briefly described in relation to the des- 
cription of the operations of the communication adap- 
tor 10, the details of the operation related to 
communication will be described mainly on the side of 
the game set with reference to Figs. 8A and 8B. 

Each of the game sets 20a to 20d generally exec- 
utes a main program shown in Fig. 8A. More specifi- 
cally, in the step 51, the game set reads data 
representing a state where a key included in the oper- 
ation portion 24 is operated (key input state). In the 
subsequent step 52, the CPU core 231 performs 
game processing on the basis of program data in a 
ROM included in the external memory cartridge 30. At 
this time, the program data is for the battle game and 
thus, the data on the battle game must be transmitted 
and received to and from the other game sets through 
the communication adaptor 10 so as to know the 
game state of the other players. Therefore, the CPU 
core 231 previously writes its own transmit data into 
the transmission buffer region 161. Thereafter, it is 
judged in the step 53 whether or not communication 
in one cycle is terminated. If it is judged that the com- 
munication is not terminated, the CPU core 231 waits 
until the termination of the communication is detected. 
If a communication interruption occurs from the com- 
munication adaptor 10 in this state, the program pro- 
ceeds to communication interruption processing 
shown in Fig. 8B. 

In the communication interruption processing, it is 
judged in the step 61 whether or not the contents of 
the mode register are 1 . The program proceeds to the 
step 62 if it is judged that the contents of the mode 
register are not 1 , whOe proceeding to the step 64 if it 
is judged that the contents of the mode register are 1 . 
It is judged in the step 62 whether or not the reset code 
($FF) is stored in the reception buffer region 162. ff it 
is judged that there is no reset code, the program pro- 
ceeds to the step 64. On the other hand, if it is judged 
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that the reset code is stored, the register storing the 
number of times of communication (hereinafter refer- 
red to as communication number register) is reset (the 
value of n is set to zero) in the step 63 and then, the 
program proceeds to the step 64. 

In the step 64, receive data is written into the 
transmission buffer region 161 in the transmis- 
sion/reception buffer RAM 263 or transmit data to be 
_ _ transmitted to the communication adaptor 10 is writ- 
ten into the reception buffer region 162 therein. In the 
subsequent step 65, 1 is added to the contents of the 
communication number register. Thereafter, it is 
judged in the step 66 whether or not the contents of 
the communication number register coincide with the 
number of times of communication (n) applied from 
the communication adaptor 10. If it is judged that both 
do not coincide with each other, data on the number 
of times of communication is stored in the step 67, and 
a code instructing waiting for reception to the CPU 
core 231 ($80) is written into the register in the step 
6B and then, the program is returned to the step 53. 

On the other hand, when a communication inter- 
ruption occurs while the CPU core 231 waits in the 
step 53 so that the communicating operation is perfor- 
med a designated number of times while the operation 
in the steps 61 to 68 is repeated, it is judged in the step 
66 that both coincide with each other, so that the pro- 
gram proceeds to the step 69. In the step 69, zero is 
set in the communication number register, thereby to 
raise a communication termination flag to indicate that 
communication in one cycle is terminated. Subse- 
quently, when the step 68 is carried out and then, the 
program is returned to the step 53, it is judged that 
communication in one cycle is terminated, so that the 
program is returned to the step 51 . Such an operation 
is repeated. That is, the steps 51 and 52 are repeated 
for each communication in one cycle. 

Although description was made of a case where 
four game sets are connected to the communication 
adaptor, it is needless to say that data is not transmit- 
ted and received to and from the game set which is not 
connected to the communication adaptor because 
transmit data is not written into a buffer area corre- 
sponding to the game set 

Although description was made of a case where 
the present invention is applied to a portable game 
set, the present invention is not limited to the same. 
For example, the present invention is applicable to a 
home television game set and the like. 

Although the present invention has been des- 
cribed and illustrated in detail, it is clearly understood 
that the same is by way of illustration and example 
only and is not to be taken by way of limitation, the 
spirit and scope of the present invention being limited 
only by the terms of the appended claims. 



Claims 

1. A communication adaptor for a game set, which 
is used with a plurality of game sets each pro- 
5 vided with a first connecting tool for inputting and 

outputting data on a game and a buffer memory 
for temporarily storing transmit/receive data for 
playing the game while being related to the game 
_ _ state of the other game sets being connected 
10 thereto, for transmitting and receiving the data on 
the game to and from the plurality of game sets, 
comprising: 

a housing; 

a plurality of second connecting tools pro- 
fs vided for said housing and each including at least 
a first terminal, a second terminal and a third ter- 
minal, the second connecting tool being connec- 
ted to the first connecting tool in each of the game 
sets; 

20 a data input port having storing portions of 

bits whose number corresponds to the number of 
said plurality of second connecting tools, the stor- 
ing portions corresponding to the bits being re- 
spectively connected to the first terminals 

25 included in the second connecting tools; 

a data output port having storing portions 
of bits whose number corresponds to the number 
of said plurality of second connecting tools, the 
storing portions corresponding to the bits being 

do respectively connected to the second terminals 
included in the second connecting tools; 

a clock output port having storing portions 
of bits whose number corresponds the number of 
said plurality of second connecting tools, the stor- 

35 ing portions corresponding to the bits being re- 
spectively connected to the third terminals 
included in the second connecting tools, 

clock signal generating means for applying 
the same clock signal used for data communi- 

40 cation with said game sets to each of the bits in 

said clock output port; 

transmit/receive data temporarily storing 
means for storing transmit data on the game to be 
transmitted to each of said game sets and receive 

45 data on the game received from each of the game 

sets in synchronization with said clock signal; 

format converting means for format-con- 
verting the bit serial data received from each of 
said game sets into bit parallel data or format- 
so converting the bit parallel data to be transmitted 
into bit serial data; 

receive data writing means for writing into 
said transmit/receive data temporarily storing 
means bit corresponding data out of data in said 

55 data input port which are received from each of 

said game sets after being format-converted by 
said format converting means in synchronization 
with said clock signal; and 
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transmit data supplying means for reading 
out the transmit data stored in the transmit/re- 
ceive data temporarily storing means to supply 
the same to each of the bits in said data output 
port after being format-converted into bit corre- 5 
sponding data by said format converting means 
so as to transmit the transmit data stored in said 
transmit/receive data temporarily storing means 

to each of said game sets in synchronization with 

said clock signal. 10 

2. The communication adaptor for a game set 
according to claim 1, wherein 

said transmit/receive data temporarily 
storing means comprises a transmission buffer 15 
region and a reception buffer region, 

said reception buffer region including buf- 
fer areas respectively corresponding to said 
plurality of game sets, each of the buffer areas 
being divided into different addresses, that is, an 20 
address storing transmit data for one game set 
and addresses storing dummy data correspond- 
ing to the other game sets, 

said transmission buffer region including 
buffer areas respectively corresponding to said 25 
plurality of game sets, each of the buffer areas 
being divided into addresses storing transmit 
data for the respective game sets. 

3. A communication adaptor for a plurality of game 30 
sets each provided with a first interface for trans- 
ferring game data to and from the game set; the 
communication adaptor comprising a plurality of 
second interfaces for connection respectively to 

said first interfaces, each of said second inter- 35 
faces having at least a first, a second and a third 
terminal, the communication adaptor further hav- 
ing a data input port coupled to the first terminals 
of said second interfaces, a data output port 
coupled to the second terminals of said second 40 
interfaces and a clock output port coupled to the 
third terminals of said second interfaces, there 
being a clock signal generating means whereby 
clock signals are applied via the said clock output 
port to synchronise transmission and reception of 45 
game data between game sets connected to the 
second interfaces. 
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